Nanocrystal in solar cells
Photovoltaic solar cell is a device which can convert the photon energy (or light energy) into electricity. This process is based on photovoltaic effect.
Materials using to make photovoltaic cells are, for example, monocrystalline silicon, polycrystalline silicon, amorphous silicon, cadmium telluride, and copper indium selenide. Let me take as an example the polycrystalline silicon solar cells. Silicon is a semiconductor, each atom of which has 4 electrons in valence band. In solid silicon, there are certain bands of energies which the electrons are allowed to have, and other energies between these bands which are forbidden, band gaps. To make silicon a better conductor, it is doped with very small amounts of atoms which have more (phosphorus, arsenic) or less (aluminium, gallium) number of electrons in valence band. Thus one will obtain the p-type silicon, with an excess of positive charges (holes), and n-type silicon, with an excess of negative charges (electrons). These exstra electrons in n-type silicon and extra holes in p-type silicon are free to move around, so they are not bounded.
When a photon of light hits a piece of silicon, one of two things can happen. If the energy of the photon is lower than bandgap then the photon can pass through the silicon. If the photon energy is greater than the bandgap energy of silicon, then the photon is absorbed by the silicon and its energy is given to an electron in the crystal lattice. Usually this electron is in the valence band, and is tightly bound in covalent bonds between neighboring atoms, and unable to move far. The energy given to it by the photon excites it into the conduction band, where it is free to move around within the semiconductor. The covalent bond that the electron was previously a part of now has one less electron -there is a hole. Thus, photons absorbed in the semiconductor create mobile electron-hole pairs.
One solar cell is a p-n juction of semiconductors. The p-n junction has a special property. When we join together p-type and n-type semiconductors (silicon), electrons near the p-n interface start to diffuse into the p-region. When the electrons diffuse across the p-n junction, they recombine with holes on the p-type side and leave positively charged ions (donors) in the n-region. And the same for holes near the p-n interface, which begin to diffuse into the n-type region leaving fixed ions (acceptors) with negative charge. This diffusion of carriers does not happen indefinitely, because the regions near the p-n interfaces lose their neutrality and become charged, forming the space charge region or depletion layer. The electric field created by the space charge region opposes the diffusion process for both electrons and holes. Arising in the junction region potential barrier, prevents the passage of major carriers, i.e. electrons from the p-layer. Electrons may pass from the n-type side into the p-type side, and holes may pass from the p-type side to the n-type side. But since the sign of the charge on electrons and holes is opposite, conventional current may only flow in one direction (like in diode).
Once the electron-hole pair has been created by the absorption of a photon, the electric field, built-in in the junction, will separate them at the energy barier. The separation of the carriers produces th forward voltage across the barrier. It is forward, because the electric field of the photoexcited carriers is opposite to the electric field of the junction. The appearance of the forward voltage across the p-n-junction is called the photovoltaic effect.
Ohmic metal-semiconductor contacts are made to both the n-type and ptype sides of the solar cell, and the electrodes connected to an external load. Electrons that are created on the n-type side, or have been collected by the junction and swept onto the n-type side, may travel through the wire, power the load, and continue through the wire until they reach the p-type semiconductormetal contact. Here, they recombine with a hole that was either created as an electron-hole pair on the p-type side of the solar cell, or swept across the junction from the n-type side after being created there.
Such a bulk-silicon solar cells have the efficiency about 20 % (although theoretical limiting efficiency of 29 %). This is because more than 50 % of the sun energy is converted to a heat through electron-phonon scattering. This energy comes from high energetic photons from the blue and ultraviolet parts of spectrum. The electrons which get such high energy and then lose it through the heat called "hot electrons".
The problem of efficiency can be solved using nanocrystalline materials (nanocrystals) in solar cells. A nanocrystal is a crystalline particle with at least one dimension measuring less than 1000 nanometers (nm) (quantum dot, quantum wire, quantum well). Nanocrystalls lead to novel quantum-mechanical effects due to the quantum confinement or quantization. The nanocrystalline silicon has different properties from the bulk-silicon. The first property which is different is the hot carriers relaxation time (time which a carrier need to return to a nonexcited state). In bulk-semiconductor hot carriers relax very quickly losing their energy as a heat. They return to the initial state because of the Coulomb interaction between the electrons. In nanocrystalline semiconductor the relaxation time can be dramatically reduced. This is because in small systems in nanoscale with decreasing size the difference between the energy levels is encreasing (this we obtain from the Shroedinger equation). Due to the large band gap hot electrons can not relax quickly to initial state, because the Coulomb interaction will be very weak. And these electrons can contribute to the current. The second different property which appears in nanocrystalline semiconductors is the Multiple Exciton Generation (MEG). MEG results in the formation of more then one electron per absorbed photon. In bulk semiconductors this effect calls Impact Ionization, but these two processes are different due to the quantum size effects. The Impact ionization is the process by which one energetic charge carrier can lose energy by the creation of other charge carriers. But in bulk semiconductor these carriers can not participate to the current, again because of very short relaxation time (they will return to initial state very quickly losing their energy as a heat). In nanocrystalline semiconductor due to the large relaxation time the MEG give us more then one charge carrier which can participate to the current from one absorbed photon. In order this process to occure the energy of the absorbed photon should be twice more than the band gap energy. By changing the size of the nanocrystall one can obtain different energies of the band gap. Thus one can obtain the MEG effect by absorbtion of the photons with different energies.
Using nanoctystalls in solar cells it is possible to increase their efficiency up to 60 %. Also nanocrystall solar cells are cheaper, because silicon nanocrystals, for example, are relatively easy to make.
